Purpose: The purpose of this study was to analyze the immediate effects of ankle restriction with an elastic band on ground reaction force during a golf swing.
INTRODUCTION
Every living thing on this planet moves by using ground reaction force (GRF) in each of their movements (Glaister, Orendurff, Schoen, Bernatz, & Klute, 2008) . If GRF is not utilized properly, people cannot move safely and purposely. When a beginner ballerina pirouettes, they simply spin their bodies without efficiently (Prisk & O'Loughilin, 2008) using vertical force in order to spin, but when an expert pirouettes, they push off of the ground vertically in order to keep themselves spinning for longer (Lee & Oh, 2012; Orendurff, Schoen, Bernatz, Klute, & Glaister, 2008 ) rather than solely spinning on the balls of their feet. This is an example of utilizing ground reaction force.
In golf, there are seven phases to a golf swing that focus only on upper extremities; however, just like a ballerina, a player must also focus on using ground reaction force during their swing. With that said, if a golf player utilizes ground reaction force properly, they might perform well. On the other hand, beginners usually fail to use ground reaction force properly while swinging (Stuart, 2009 ).
There are three elements in golf. One is power, the second is accuracy, and the third is repeatability (Whang, 1993) . If someone can use ground reaction force properly, they can satisfy these three elements of golf (Willams, Jones, & Snow, 1998) . Golf instructors usually focus on the angling of joints and speed rather than ground reaction force. Even if one angles their joints properly, they may still fail to have a good swing if they do not utilize ground reaction force effectively. In order to increase their swing velocity, golfers must also utilize GRF (Keller et al., 1996; Kulig, Fietzer, & Popovich, 2011) .
Some of the reasons why people cannot use ground reaction force are: a narrow base of support at their feet; ankle, knee, and hip instability (Jeffrey Mann, 2016) , wearing shoes that do not produce proper friction; uneven medial gluteus; lack of knowledge regarding utilizing downward force while swinging etc. Such predisposing factors can cause varying, reoccurring cycles of fatigue, discomfort, pain, and injury.
These days, more people are using elastic bands to improve their physical fitness in areas such as muscular strength (Treiber, Lott, Duncan, Slavens, & Davis, 1998) and endurance, flexibility, power, and coordination simultaneously (Wallace, Winchester, & McGuigan, 2006) . Elastic bands can not only increase elasticity in muscles, but also in tendons (Burge & Brown, 1990) and ligaments (Treiber, Lott, Duncan, Slavens, & Davis, 1998; Burge & Brown, 1990) . These are the proprioceptive system.
In addition, elastic bands can create closed-loop kinetic chain exercises.
These closed-loop kinetic chain exercises can help to recruit more core muscles (Carpes, Reinehr, & Mota, 2008) , and to stimulate proprioceptive system for the good control and balance of the center of pressure and (Dayakidis & Boudolos, 2006) . Especially, an elastic band around the ankles may increase gluteus medius muscle development and stability (Van Deun et al., 2007) . Exerting a balanced force between the right and left legs may maintain their central alignment. Additionally, this may help to keep joints in areas such as the ankles, knees, and hips stable, resulting in the avoidance of excessive eversion force at the ankle joints and valgus of knees in order to produce a proper neuromuscular response (Bullock-Saxton, 1994; Fukagawa, Brown, Sinacore, & Host, 1995) .
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The purpose of this study was to analyze the immediate effects of restricting one's ankles with an elastic band on three directional ground reaction force (GRF) during a golf swing.
METHODS

Subjects
There were five subjects who were teaching pros in Korea and had been playing for over nine years at the time of the study. Their average golf score was 75. They all were right-handed golf swingers. Their average height and weight were 175±3.7 (cm) and 69±3.5 (kg) respectively.
Equipment
A force platform (9281B, Switzerland) was used to measure threedirectional ground reaction force during the golf swing with and without an elastic band around their ankles. Golfers stood with their right foot on the force platform during their swings. The sampling rate was 10,000 Hz for the vertical force and 5,000 Hz for the medial/lateral and anterior/posterior.
Variables
The independent variable was the presence of the elastic band 
Procedure
There were ten trials with an elastic band and ten without one (twenty trials in total) with randomly selected subjects and band usage during 5 days. Only the ground reaction forces of the subjects' right feet were measured when the subjects swung with their golf club. For this study, only seven iron golf clubs were used. There are seven phases to a golf swing: address, mid-back swing, back-swing top, mid-down swing, impact, mid-follow through, and follow through based on the previous researched (Stuart, 2009; Williams, Jones, & Snow, 1988; YI & So, 2004 ; 
http://e-kjsb.org Mann, 2016) . Analysis of three dimensional ground reaction force values and timings were conducted according to each of these phases.
Statistics
A paired t-test within the subject repeated measure design was used to analyze the differences between ground reaction force with and without an elastic band (Table 1) 
2) Time difference Intersections between maximum posterior value and vertical directional forces during the back swing
During the back swing, if the vertical force line can meet the maximum value of the posterior force, the transfer of momentum and coordination will be better. The time difference between the maximum 
3) Maximum anterior force from mid-down swing to impact
From mid-down swing to impact, the maximum anterior force was significantly higher with a band than without a band (p<.05), (Table   1 ). This means that before impact, the anterior forwarding force was exerted instead of the lateral force.
4) Time difference between a medial/lateral maximum force and an anterior/posterior maximum force and as well as the point of intersection with vertical force from mid-down swing to impact
For analysis of the transfer of momentum from mid-down swing to impact, the time difference between medial/lateral maximum force and the point of intersection with vertical force, and the time difference between anterior/posterior maximum force and the point of intersection with vertical force, were analyzed (Table 1) . Because all subjects were certified teaching professionals, there were no significant differences.
For future studies, an amateur golfer's swing will be analyzed to crossreference the data.
5) Other variables
The other variables such as vertical maximum and minimum force value, anterior/posterior minimum force value, and medial/lateral maximum and minimum force value were not significantly different, except the above mentioned (Table 1) .
But, in the case of band restriction around the ankle, there was a lower tendency of the ground reaction forces with a band than without one.
DISCUSSION
Coordination means spatiotemporal ordering between component parts (Jantzen, Oullier, & Kelso, 2008) , which requires movements involving changes in muscle length and muscle recruitment time (Mauk & Buomonano, 2004) . Therefore, there is a strong relationship between coordination and timing. Functional performance also involves the close interaction of sensory processing. The number of peripheral sources such as vision, muscles, tendons, ligaments, joints, and the vestibular system providing feedback to the central nervous system during action execution.
In this study, time differences and sequences between three directional ground reaction forces used during golf swings. In particular, the elastic band restriction around the right and left ankles were utilized for the peripheral sources to control timing in motor control and coordination (Turvey, 1990; Davids, Handford, & Williams, 1994) . Thus, the ankle restriction with the elastic band offered a system-environment interaction with a sensory-motor coupling.
During the golf swing with the ankle restriction elastic band, coordination may be described as the coupled movements with a specific force execution time lag (Hume, Keogh, & Reid, 2005) between three directional forces. Therefore, coordination involves variables that specify the spatiotemporal ordering (Jantzen, Oullier, & Kelso, 2008) between three dimensional forces.
During the back swing, there were two kinds of Y directional forces which were the symmetrical anterior and posterior forces. At the moment of the mid-back swing, if the vertical force line can meet the maximum value of the posterior force, the transfer of momentum and coordination between posterior and vertical forces will be at its best (Leyland, 2013) Therefore, this result showed that only a vertical force existed and medial/lateral and anterior/posterior forces remained neutral which might had a correctable impact.
From the mid-down swing to right before the pre-impact of the ball, maximum anterior force was significantly higher with a band. This means that before impact, an anterior force was exerted instead of a lateral force.
A high degree of coordination, both within and between segments was required for fast, accurate, and energy-efficient movement execution.
The force execution timing accuracy of the movements between and within segments seemed to be crucial for performing a golf swing (Schmidt & Wrisberg, 2004) . These factors had a significant impact on both the quality relating to the spatiotemporal properties and the outcome of the movement pertaining to the accuracy of the golf swing.
CONCLUSIONS AND SUGGESTIONS
Wearing an ankle restriction elastic band affects the control and neutralization of the medial/lateral directional force from the top of the back swing to the mid-down swing, from the mid downswing to right before the impact of the ball, as well as anterior/posterior directional force from the back swing to the early mid-down swing.
In addition, an elastic band may affect the coordination between the three directional forces. Furthermore, an elastic band can increase anterior force from the mid-downswing to right before the impact of the ball. Even though there was an increased anterior force, the vertical directional force did not increase significantly. As a result, study for the relationship between medial/lateral and vertical forces will be analyzed KJSB 
